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Abstract

Objective: This study assessed the accuracy of robotic-arm-assisted total knee arthroplasty (RATKA) for bone resec-
tion, component size prediction, implant placement, and limb alignment.

Methods: This prospective cohort study included 36 patients. All procedures were performed by a single experi-
enced surgeon, using an identical approach and implant designs. The MAKO RIO Robotic Interactive Orthopaedic
Arm (Stryker, Mahwah, NJ, USA) system was used. The actual bone resection, implant placement, component size, and
postoperative mechanical alignment were recorded, then compared with the preoperative plan.

Results: The mean absolute differences from the plan for the distal (medial and lateral) and posterior (medial and
lateral) femoral cuts were 0.39 mm (0.62), 0.49 mm (0.70), 0.62 mm (0.79), and 0.65 mm (0.81), respectively, with 0.57°
(0.65) varus. The mean absolute differences in the medial and lateral tibial cuts were 0.56 mm (0.75) and 0.58 mm
(0.76), with 0.48° (0.16) varus and 0.54° (0.25) anterior/posterior slope. Of 192 bone resections, 176 (91.7%) were
within <1 mm of the preoperative plan. The accuracies of femoral and tibial component size prediction were 100%
and 97.22%, respectively. The mean absolute difference in final limb coronal alignment was 0.92° (0.65). Of the align-
ments, 18 (75.0%) were within < 1.00° of the plan, and 100% were within < 3.00° of the plan.

Conclusion: RATKA could accurately predict the component size and execute a preoperative plan to achieve precise
bone resection, and implant placement, thereby reducing alignment outliers.

Keywords: Total knee arthroplasty, Robotic-arm-assisted technique, Bone resection, Implantation, Mechanical
alignment

Background that at 25 years follow-up, the implant survivorship of
The precision of implantation, mechanical alignment, TKA was appropriately 82% [2]. Deviation during the
and soft tissue balance are important for the success of  operation, such as malposition and imbalance, will affect
total knee arthroplasty (TKA) [1]. It had been reported implant survival [3]. Malposition will increase wear and
result in poor clinical outcomes, which may lead to early
— revision [4]. Imbalance is a risk factor for pain, instabil-
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of components; surgical errors are the major cause of
TKA failure.

Robotic-arm-assisted surgery in orthopaedics began
in the 1980s; it was developed to enhance the accuracies
of bone resection, implant selection and placement, and
alignment, thereby improving patient clinical function
and long-term implant survival [6]. Robotic-arm-assisted
total knee arthroplasty (RATKA) has gathered momen-
tum as a method to improve the accuracies of bone
resection and implant position, thus reducing limb align-
ment outliers [7]. In these systems, robotic-arm-assisted
surgeons precisely machine the bones, using preoperative
computed tomography-based planning and haptic feed-
back. Bithis et al. [8] confirmed the accuracy of RATKA
by analysing bone resection in 50 cases. Cheng et al. [9]
demonstrated that RATKA improved the precision of
implant position and mechanical alignment. Besides,
Mason et al. [10] reported that 91% of patients achieved
mechanical alignment deviation within+3°. This study
evaluated the accuracy and precision of RATKA for pre-
dicting component size and achieving the preoperatively
planned bone resection, implant position, and final limb
coronal mechanical alignment.

Materials and methods

Patient selection

Between June 2021 and July 2021, 36 patients with
symptomatic end-stage knee osteoarthritis underwent
primary RATKA at the same centre. All procedures
were performed by an experienced surgeon trained in
RATKA. Patients with knee osteoarthritis undergoing
primary TKA were recruited for the study. Exclusion cri-
teria were: varus or valgus deformity >20°; neurological
disorders or inflammatory arthropathies; and previous
leg surgery. The study was assessed by the hospital review
board which waived the need for further ethics approval.

Surgical technique

The MAKO RIO Robotic Interactive Orthopaedic Arm
(Stryker, Mahwah, NJ, USA) system was used. A three-
dimensional model of the patient’s bony anatomy was
used to plan the optimal bone resection, implant posi-
tioning, and limb alignment. Femoral and tibial regis-
tration pins were inserted for intraoperative dynamic
tracking; they were used to assess range of movement and
mechanical alignment. A conventional medial parapatel-
lar approach was used in all patients. After registration
and adjustments of the preoperative plan, the robotic-
arm-assisted surgeon performs femoral and tibial oste-
otomies within a virtual haptic boundary. In the coronal
plane, femoral and tibial varus/valgus were both set to 0°.
In the sagittal plane, the femoral component flexion was
initially set to 4°, while the tibial slope was set to 0°. The
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surgeon could adjust these settings as necessary based on
an intraoperative assessment of the flexion gap and range
of movement. All patients used fully cemented implanta-
tion (Triathlon Posterior Stabilisation Total Knee System,
Stryker Orthopaedics, Mahwah, NJ, USA).

Data collection

The preoperative plan included bone resection, com-
ponent placement, and mechanical alignment targets.
Patients were assessed intraoperatively or before dis-
charge in terms of bone resection and prediction accu-
racy; knee X-rays and a weight-bearing scanogram were
obtained. (1) Bone resection included the distal femur
(medial and lateral), posterior femur (medial and lateral),
and tibia (medial and lateral) cuts, without considering
cartilage. Both the planned and actual bone resections
were recorded. The actual bone resection was measured
intraoperatively using Vernier calipers after the osteot-
omy; the percentage of bone resection <1 mm from the
preoperative plan was recorded. (2) The accuracies of
predicting the femoral and tibial component sizes were
checked. (3) Knee X-rays were used to assess the implant
position, including the femoral and tibial component
varus/valgus positions from the mechanical axes, as well
as tibial component posterior slope. (4) Weight-bearing
scanograms were used to evaluate mechanical align-
ment. The original targeted alignment was neutral align-
ment, but surgeon might adjust it according to details of
each patient. The outcomes were defined based on the
degree of deviation as “excellent” (0-1.99°), “acceptable”
(2-2.99°), and an “outlier” (>3°), compared with the pre-
operative planned.

Statistical analysis

IBM SPSS Statistics, version 24.0, was used to ana-
lyse the data. Continuous variables are expressed using
means and standard deviations; categorical variables are
expressed using frequencies and percentages. Accuracy
was defined as the root mean square (RMS) of the meas-
urements. Precision was defined as the standard devia-
tion of measurements.

Results

This prospective study enrolled 36 patients (mean age,
67.6+£6.1 years; 83.33% women; 94.44% varus). Eleven
patients (30.56%) had surgery on their left knees.

The mean absolute differences from the plan for dis-
tal (medial and lateral) and posterior (medial and lat-
eral) femoral cuts were 0.39 mm (0.62), 0.49 mm (0.70),
0.62 mm (0.79), and 0.65 mm (0.81), respectively, with
0.57° (0.65) varus. The mean absolute difference in the
medial and lateral tibial cuts was 0.56 mm (0.75) and
0.58 mm (0.76), with 0.48° (0.16) varus and 0.54° (0.25)
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anterior/posterior slope (Table 1). Of 192 of bone resec-
tions, 176 (91.67%) were <1 mm from the preoperative
plan. Figure 1 summarises the bone resections. The
accuracies of femoral and tibial component size predic-
tion were 100% and 97.22%, respectively.

The mean absolute difference in the final limb coro-
nal alignment was 0.92° (0.65): 27 alignments (75.00%)
were < 1.00° of the plan, and 100% were within <3.00° of
the plan. Overall, 33 knees were classified as “excellent’, 3
as “acceptable’, and 0 as “outlier” (Fig. 2).

Discussion
In this prospective study, RATKA exhibited high accura-
cies for bone resection, implantation, and correction of
limb alignment. The robotic arm followed the preopera-
tive plan accurately. Further studies should enrol multiple
surgeons and include more cases to analyse the interac-
tion between surgical accuracy and clinical outcome.
Because the sawblade action was confined to the pre-
operative plan in RATKA, it helped to improve the accu-
racy and precision of femoral and tibial bone resection.
Hampp et al. [11] compared the error of bone resection
between RATKA and conventional TKA in six cadavers;
compared with conventional TKA, RATKA enhanced the
precision and accuracy in achieving preplanned implan-
tation. In 45 consecutive RATKAs, Sires et al. [12] found
that the accuracy of RATKA in achieving planned bone
resection was high, such that 99 of 105 bone resections
were within 1 mm of the preoperative plan. Béthis et al.
[8] also confirmed the accuracy of bone resection in
RATKA; the deviations of distal femur and tibial resec-
tion were 0.6 mm (0.4) and 0.7 mm (0.5), respectively.
Overall, robotic-arm-assisted techniques could accu-
rately execute the preoperative bone resection plan and
achieve the ideal flexion—extension gap balance, which
are important for mechanical alignment and ligament

Table 1 Summary of bone resection compared to the plan

Bone resection Mean (mm) RMS (mm) Max. <1 mm (%)
error
(mm)
Distal femur cut
Deep (medial) —0.08(061) 039(062) 200 93.75
Deep (lateral) —0.03(0.70) 049(0.70) 240 93.75
Posterior femur cut
Deep (medial) —0.18(0.77) 062(0.79) 240 87.50
Deep (lateral) —0.17(0.79) 0.65(0.81) 2.00 90.63
Tibial cut
Deep (medial) 0.38 (0.66) 0.56 (0.75) 1.90 93.75
Deep (lateral) —0.13(0.75) 058(0.76) 1.40 84.38

RMS root mean square
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Fig. 1 Box-whisker plots of the bone resections including maximum,
minimum, median, and interquartile range values. Positive values
indicating more bone was resected than planned. M medial; L lateral

tension. Thus, it is helpful for surgeons to introduce
robotic-arm-assisted techniques into their routine
treatment.

Deviation of implant placement is a risk factor for
aseptic loosening [5]. The achievement of ideal, patient-
specific component placement requires precise, accu-
rate implant positioning. Comparing 143 consecutive
RATKA cases and 151 consecutive conventional manual
TKA cases, Thilak et al. [13] found that RATKA achieved
accurate preoperatively planned implant positioning. In a
prospective study, Mahoney et al. [14] found that com-
pared with conventional manual TKA, the radiographic
parameters of component positioning were improved in
the RATKA cohort; accuracy improvements were great-
est in femoral component rotation, tibial component
alignment, and slope. Using computed tomography scans
to compare the accuracy in 10 RATKA cases and 10 con-
ventional TKA cases, Moon et al. [15] demonstrated that
RATKA achieved greater accuracy in implantation and
alignment; it also more accurately restored the posterior
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Fig. 2 Proportion of knees with final mechanical alignment from the
preoperative plan
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condylar offset ratio, Insall-Salvati ratio, and native joint
line. They found a mean flexion/extension deviation
of 1.4° and mean varus/valgus deviation of 0.6° for the
femoral cut; the varus/valgus alignment showed a mean
deviation of 0.5° for the proximal tibial cut. However,
Kim et al. [16] and Cip et al. [17] found no difference
between RATKA and conventional TKA groups in terms
of implantation accuracy with both coronal and sagittal
radiological assessment. We also found that a robotic-
arm-assisted technique accurately predicted the compo-
nent size. Notably, Marchand et al. [18] reported that the
accuracy of RATKA in predicting the femoral and tibial
component was 98%.

Malalignment in the sagittal and coronal planes is
associated with instability, aseptic loosening, and pain
[19]. Postoperative alignment is influenced by the extent
of preoperative varus deformity [20]. Although there
remains no consensus regarding whether component
alignment within+3° of the neutral mechanical axis
is related to longer survival rates and better long-term
function, Parratte et al. [21] demonstrated that the neu-
tral mechanical axis should be recognised as the gold
standard until the biomechanical relationship of com-
ponent alignment in the axis and sagittal and coronal
planes is better understood. Studies have demonstrated
that the error range of the conventional manual tech-
nique is 13-38% when using an intramedullary femoral
and extramedullary tibial jig [22, 23]. The errors could be
caused by variations in native bony anatomy or the use
of oscillating saws for bone preparation. Several studies
have reported RATKA can accurately restore a mechani-
cal alignment close to 180° and minimise alignment outli-
ers. Liow et al. [24] demonstrated that RATKA improved
the accuracies of component orientation and mechani-
cal alignment. In a prospective study of 50 RATKA cases
versus 50 conventional TKA cases, RATKA accurately
performed the preoperative plan and reduced the num-
ber of outliers (>3°) [7]. Another study confirmed the
accuracy of RATKA for correcting mechanical align-
ment, such that 78.13% of alignments were within <1°of
the plan and 100% were within <3° of the plan [12].
However, Spencer et al. [25] reported that there is no dif-
ference in overall knee alignment between RATKA and
conventional TKA. In addition, Song et al. [23] and Park
et al. [26] found no significant differences in alignment of
the limb axis between the two techniques.

This study had some limitations. First, the sample size
was small and future studies involving larger numbers are
necessary. Second, because the radiographic data were
obtained early in the postoperative period, pain might
have negatively impacted the accuracy of radiological
measurements from standard radiographs. Further-
more, there is measurement error in bone resection using
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Vernier calipers, although the error is minimal. Finally,
the patients’ reported outcomes were not collected. Thus,
a future study should analyse the association between the
accuracy of RATKA and patients’ reported outcomes.

Conclusion

RATKA accurately predicted the component size and
executed the preoperative plan to achieve precise bone
resection, and implant placement, thereby reducing
alignment outliers. Future studies should analyse whether
this robust accuracy is associated with better functional
outcomes and greater implant longevity.

Abbreviations
RATKA: Robotic-arm-assisted total knee arthroplasty; TKA: Total knee
arthroplasty.
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